156 yr -1 , whereas the magnitude of the variation rates of Rh were all greater than that of NPP, with 157 slopes of 0.49 g C m -2 yr -1 (P<0.01), 0.91 g C m -2 yr -1 (P<0.01), and 1.62 g C m -2 yr -1 (P<0.01) for 158 RCP2.6, RCP4.5, and RCP8.5, respectively (Fig 2b) . These higher rates of Rh increase in all the 159 three scenarios may suggest that Rh was more sensitive to climate change than NPP. On average, 160 the alpine grasslands of the Tibetan Plateau behaved as a carbon sink, with a simulated NEP on a 161 range of 11 ± 16 g C m -2 yr -1 , 15 ± 16 g C m -2 yr -1 , and 18 ± 16 g C m -2 yr -1 for RCP2.6, RCP4.5, 162 and RCP8.5, respectively, for the period from 2006~2100 (Fig 2c) . However, the temporal 163 dynamics of the NEP indicated relatively less variability than NPP and Rh under the three RCP 164 scenarios, and decreased continually with the slopes of -0.14 g C m -2 yr -1 (P<0.01), -0.07 g C m -2 9 165 yr -1 (P=0.13), and -0.10 g C m -2 yr -1 (P<0.05) for RCP2.6, RCP4.5, and RCP8.5, respectively.
166
This indicated that the potential capacity for carbon sequestration on the Tibetan Plateau 167 grasslands would gradually decrease under future climate change, because the magnitude of the 168 variation rate of Rh was greater than that of NPP. Fig 3) . However, an obvious negative correlation 182 between NEP and precipitation was found in the southern and middle part of the Plateau ( Fig   183  3g-i) . This was probably due to the fact that precipitation gradually decreased from the southeast 184 to the northwest [20] . Increased precipitation in the southeastern mountainous area could lead to 185 more cloud cover, and thus have negative effects on photosynthesis. The Rh tended to be most 
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Under RCP2.6, the ∆Precipitation was 3%, 0%, and -1% (Fig 5a-c) , with the ∆Tmax being 235 13%, -5%, and -8% (Fig 5d-f) , and the ∆Tmin 8%, -4%, and -7% (Fig 5g-i) for 2010s ~ 2030s, 236 2040s ~ 2060s and 2070s ~ 2090s time periods, respectively. This decadal climate change led to a 237 corresponding decrease in ∆NPP from 4% to 1% and 0% for the three time periods (Fig 5a, d, g ),
238
and the same decrease in ∆Rh (Fig 5b, e and h ), and consequently led to a decrease in ∆NEP from 239 25% to 16% and 6% (Fig 5c, f and i) . In response to the continual decrease in temperature and 240 precipitation, the changes in the decadal carbon dynamics were predicted to show a corresponding 241 downward trend in the RCP2.6 scenario. For RCP4.5, the ∆Precipitation was -1%, 1%, and 0%, 242 with the ∆Tmax 12%, 6%, and 4%, and the ∆Tmin 6%, 6%, and 4% in the 2010s ~ 2030s, 2040s ~ 243 2060s and 2070s ~ 2090s time periods, respectively. In this scenario, the reduction in the 244 magnitude of the warming trend was accompanied by stable precipitation, which led to a 245 corresponding decrease in ∆NPP of 5%, 3%, and 4%, and in ∆Rh of 7%, 5%, and 4%, 246 respectively. The discrepant magnitudes of the increase in NPP and Rh across different periods, 247 resulting in the variations of the ∆NEP were -13%, -30%, and 8%, respectively. The decrease in 248 ∆NEP in the first two periods was mainly due to a larger increase in Rh than NPP. Under RCP8.5, 249 both the precipitation and temperature were projected to increase when the ∆Precipitation was 5%, 250 1%, and 7%, and the ∆Tmax was 10%, 22%, and 14%, and the ∆Tmin was 7%, 20%, and 25% for 
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To quantify the effect of increased CO 2 on the carbon fluxes on alpine grasslands, we conducted 261 two model simulations: with and without CO 2 fertilization. Then, the difference between the two 262 simulated results was analyzed to evaluate the impacts of CO 2 on the carbon budget under the 263 three RCP scenarios (Fig 6) . Across all scenarios, the increasing CO 2 concentration accounted for 264 1.9%, 3.6%, and 7.3% of the increase in NPP (Fig 6a) , and 1.7%, 3.0%, and 6.1% of the increase 265 in Rh (Fig 6b) under RCP2.6, RCP4.5, and RCP8.5, respectively. Furthermore, the linear slopes 266 indicated that 1 ppm increase in CO 2 concentration caused a slightly larger increase of NPP by 267 0.06 ~ 0.45 g C m -2 yr -1 (Fig 6a) than those of Rh by 0.06 ~ 0.43 g C m -2 yr -1 (Fig 6b) . Notably, Fig 5a) under RCP8.5. By the end of the 21st century 271 (2090s), the ∆NPP and ∆Rh both largely increased from RCP2.6 to RCP8.5, ranging from 2.4% to 14 272 11.0%. However, the magnitude of the difference in NEP was relatively small, with multi-model 273 mean values of 0.9, 2.3, and 4.9 g C m -2 yr -1 for RCP2.6, RCP4.5, and RCP8.5, respectively (Fig   274  6c) . The elevated CO 2 contributed more to plant growth than decomposition, indicating that the 275 Tibetan Plateau grassland was able to sequester carbon from the atmosphere due to CO 2 276 fertilization. (Fig 5,6 ). The enhanced 287 vegetation production in future projections was consistent with the model estimations of Gao et al.
288
[7] and Jin et al. [30] . The dynmaics of decadal carbon fluxes (∆NPP and ∆Rh) were predicted 289 to decrease with precipitation and temperature under RCP2.6, and with temperature in a relatively 290 stable precipitation scenario under RCP4.5 (Fig 5) . Across all scenarios, the partial correlation (R) 291 between the carbon fluxes (NPP and Rh) and Tmean (Fig 4a-f) were higher than those with 292 precipitation (Fig 3a-f) , except for the Rh in RCP4.5. These results suggested that the carbon cycle 15 293 in the alpine region may be primarily controlled by the temperature increase. However, the partial 294 correlation between carbon sink (NEP) and Tmean was predicted to decrease from 0.14 in RCP2.6 295 to -0.09 in RCP8.5 under a warmer scenario (Fig 4g,i) . The partial correlation of NEP with 296 precipitation were equal to 0.07 and 0.08 in RCP4.5 and RCP8.5 (Fig 3h,i) , which were higher 297 than with Tmean (0.04 and -0.09, Fig 4h,i) . Furthermore, the decadal carbon fluxes were predicted 298 to decrease with decreasing precipitation, albeit increasing temperature under RCP8.5 during the 299 2040s ~ 2060s (Fig 5) . 
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The carbon dynamics exhibited a large discrepancy in response to climate change with and 330 without the effect of elevated CO 2 concentrations. The carbon uptake by vegetation could be 331 strongly stimulated by CO 2 fertilization, especially in July [65] . The increasing CO 2 concentration 332 accounted for 1.9% ~ 7.3% of the increase in NPP (Fig 6a) , which was less than the range of 9% ~ decades. This was probably due to the effect of CO 2 fertilization, which tended to be saturated 338 over time, and the discrepancy that existed in different models. Furthermore, the response of Rh to 339 CO 2 was of the same magnitude (1.7% ~ 6.1%) as that in NPP during the 21st century. The 340 elevated CO 2 concentrations generally had a positive effect on soil respiration by regulating the 341 carbon uptake and allocation, and on the availability of substrate and soil water [67] .
342
Consequently, the almost consistent increase in NPP and Rh caused by the elevated CO 2 on the 343 alpine grassland resulted in a relatively small difference in NEP (0.9 ~ 4.9 g C m -2 yr -1 , Fig 6c) .
344
However, the grassland carbon cycle was projected to be amplified by around two to three times 345 due to higher CO 2 concentrations under RCP8.5 compared to that in RCP2.6 and RCP4.5. The 346 different potential responses to elevated CO 2 levels were partly due to the different climate 347 conditions among the three RCP scenarios. For RCP2.6, the increasing CO 2 associated with a 348 decreasing trend in temperature and precipitation had a minor effect on the carbon cycle (Fig 6a) .
349
Furthermore, the elevated CO 2 favored plant growth limitedly in RCP4.5, as the continually 350 warming and stable precipitation may induce water stress (Fig 6b) . However, increasing 351 temperature and precipitation, together with increasing CO 2 , greatly enhanced the carbon uptake 352 in the alpine ecosystem under RCP8.5 (Fig 6c) . 
